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DPDMRUVRXUFHRIORVVLQSRUWIROLRVDQGFDQUHQGHUPDQ\SRWHQWLDOLQYHVWPHQWVWUDWHJLHVKLJKO\XQSURILWDEOH
3RUWIROLRWXUQRYHURFFXUVZKHQHYHUWKHDVVHW¶VSURSHUWLHVLQWKHSRUWIROLRFKDQJHHJFRUUHODWLRQVYDULDQFHHWF
EHFDXVHVXFKFKDQJHVPHDQWKDWWKHPDQDJHUPXVWDGMXVWWKHSRUWIROLRWRWDNHDFFRXQWRIWKHQHZSURSHUWLHV3ULRUWR
WKHSRUWIROLR¶VDFWXDODGMXVWPHQWFXUUHQWPHWKRGVIRUDVVHVVLQJWKHIXWXUHSRVVLELOLW\RIDSRUWIROLRWRWXUQRYHUDUH
SUDFWLFDOO\QRQH[LVWHQW0RVWPHWKRGVRQDVVHVVLQJSRUWIROLRWXUQRYHUUHO\RQH[DPLQLQJWKHKLVWRULFDOWUDGHVRIWKH
IXQGDIWHUWKHWXUQRYHUKDVDFWXDOO\RFFXUUHGKHQFHGRQRWSURYLGHDSULRULJXLGDQFHWRPDQDJHUV
8VLQJ6LJQHG*UDSK7KHRU\LWLVSRVVLEOHWRUHSUHVHQWDSRUWIROLRDVD6LJQHG*UDSKDVLQ+DUDU\/LP	:XQVFK
%\6WUXFWXUDO%DODQFH7KHRU\LWLVNQRZQWKDWXQEDODQFHGVLJQHGJUDSKVDUHXQVWDEOHDQGVRDUHVXEMHFWWR
FKDQJH7KLVFKDQJHFDQWDNHDYDULHW\RIIRUPVHJFRUUHODWLRQFKDQJHVHWFEXWUHJDUGOHVVRIWKHW\SHRIWKHFKDQJH
WKHFKDQJHLQWKHFRQWH[WRISRUWIROLRVLPSOLHVWKHDVVHWVZLOOXQGHUJRFKDQJHV&RQVHTXHQWO\WKLVLPSOLHVXQEDODQFHG
VLJQHGJUDSKSRUWIROLRVZLOO LQFXUKLJKHU WXUQRYHU WKDQEDODQFHGSRUWIROLRVEHFDXVHXQEDODQFHGSRUWIROLRVZLOO EH
VXEMHFWWRPRUHFKDQJHDQGVRSURPSWWKHSRUWIROLRPDQDJHUWRDGMXVWKLVSRUWIROLR
,QWKLVSDSHUZHDSSO\VLJQHGJUDSKWKHRU\WRSRUWIROLRVRIDUELWUDU\DVVHWVL]HDQGDVVHVVWKHLUVWDELOLW\LQWHUPV
RIVLJQHGJUDSKWKHRU\WRGHWHUPLQHWKHLUYXOQHUDELOLW\WRSRUWIROLRWXUQRYHU7KLVPHWKRGDOVRKDVLPSOHPHQWDWLRQ
DGYDQWDJHV)LUVWO\WKHFRPSXWDWLRQWLPHDQGHVWLPDWLRQGLIILFXOW\GRHVQRWQHFHVVDULO\LQFUHDVHZLWKSRUWIROLRDVVHW
VL]HKHQFHRXUPHWKRGGRHVQRWVXIIHUIURPWKHµFXUVHRIGLPHQVLRQDOLW\¶7KLVLVLPSRUWDQWLQILQDQFHZKHUHSRUWIROLRV
FDQUHDOLVWLFDOO\FRQVLVWRIDVVHWV6HFRQGO\RXUPHWKRGLVQRWGHSHQGHQWRQUREXVWRUDFFXUDWHIRUHFDVWLQJ
RUHVWLPDWLRQPHWKRGVKHQFHLWLVQRWSHQDOL]HGE\HVWLPDWLRQRUIRUHFDVWLQJHUURUV6XFKDSURSHUW\LVKLJKO\GHVLUDEOH
JLYHQWKDWHVWLPDWLRQDQGIRUHFDVWLQJLVQRQWULYLDOLQILQDQFH
7KHUHVWRIWKHSDSHULVRUJDQL]HGDVIROORZVLQWKHQH[WVHFWLRQZHH[SODLQRXUPHWKRGRIDQDO\]LQJSRUWIROLRV
XVLQJVLJQHGJUDSKV,QWKHWKLUGVHFWLRQZHDSSO\RXUPHWKRGE\FRQGXFWLQJDQXPHULFDOH[SHULPHQWDQGWKHQDQDO\VH
RXUUHVXOWV:HWKHQHQGZLWKDFRQFOXVLRQ
6LJQHG*UDSK3RUWIROLR$QDO\VLV
*UDSK7KHRU\DQGVLJQHGJUDSKUHSUHVHQWDWLRQKDYHEHHQXVHGWRLQYHVWLJDWHFRPSOH[VWUXFWXUHVRILQWHUUHODWHG
HQWLWLHV)RUH[DPSOH +DUDU\DQDO\VHV LQWHUQDWLRQDO UHODWLRQVEHWZHHQFRXQWULHV IXUWKHUKH +DUDU\
LQYHVWLJDWHGWKH0LGGOH(DVWLQDQGWKHVKLIWVLQDOOLDQFHEHWZHHQHQWLWLHVLQYROYHGLQWKHFRQIOLFW$JUDSKG
FRQVLVWVRID ILQLWHQRQHPSW\VHWVZKRVHHOHPHQWVDUHFDOOHGYHUWLFHVDQGDVHWERIXQRUGHUHGSDLUVRIGLVWLQFW
HOHPHQWVRIVZKRVHHOHPHQWVDUHFDOOHGHGJHV)RUH[DPSOHDFRPPXQLFDWLRQQHWZRUNFDQEHPRGHOHGDVDJUDSK
ZKHUHWKHYHUWH[VHWVLVWKHVHWRIDOOFRPPXQLFDWLRQVWDWLRQVDQGDQHGJHMRLQLQJWZRYHUWLFHVLQGLFDWHVWKHH[LVWHQFH
RIDGLUHFWFRPPXQLFDWLRQOLQNEHWZHHQWKHFRUUHVSRQGLQJVWDWLRQV$VLJQHGJUDSKLVDJUDSKG V,EZKHUHHDFK
HGJHLQELVODEHOHGDVSRVLWLYHRUQHJDWLYH
$SDWKPLQDJUDSKGLVDVHTXHQFHRIGLVWLQFWYHUWLFHVvv«vkVXFKWKDWviviEIRUDOOididk7KH
LQWHJHUk LVFDOOHGWKHOHQJWKRIWKHSDWK$F\FOHLQG LVJLYHQE\vv«vk-1,v0ZKHUHvv«vkDUHGLVWLQFW
YHUWLFHVDQGvivididkDQGvkvDUHHGJHVLQG0RWLYDWHGE\+HLGHU¶VWKHRU\+DUDU\LQWURGXFHGWKH
IROORZLQJPDWKHPDWLFDOIRUPXODWLRQRIWKHQRWLRQRIEDODQFHGVLJQHGJUDSKVA signed graph G is balanced if every 
cycle in G has an even number of negative edges and is unbalanced if there exists at least one cycle with an odd 
number of negative edges.,WKDVEHHQSURYHGWKDW+DUDU\DVLJQHGJUDSKLVEDODQFHGLIDQGRQO\LIWKHYHUWH[
VHWVFDQEHSDUWLWLRQHGLQWRWZRVXEVHWVVDQGVVXFKWKDWDQ\WZRLQGLYLGXDOVaDQGbZLWKaVDQGbVKDYHD
QHJDWLYHWLHDQGWZRLQGLYLGXDOVLQWKHVDPHJURXSKDYHDSRVLWLYHWLH
$SRUWIROLRRInDVVHWVLVDYHFWRUZ ww«wnZKHUHwi!DQG¦
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7KHQXPEHUwiLVWKHZHLJKWRUIUDFWLRQRIWKHLQYHVWRUVFDSLWDOLQWKHiWKDVVHW$SRUWIROLRRIVHFXULWLHVUHSUHVHQWHG
DVDVLJQHGJUDSKG,KDVYHUWH[VHWVDV WKHVHWRIVHFXULWLHVRI WKHSRUWIROLRDQGWKHHGJHVDUHGHWHUPLQHGE\WKH
FRUUHODWLRQFRHIILFLHQWEHWZHHQWKHVHFXULWLHV¶UHWXUQV$VLJQHGJUDSKPRGHOIRUSRUWIROLRDQDO\VLVLQULVNPDQDJHPHQW
ZDVSURSRVHGLQ+DUDU\/LP	:XQVFKWKH\FRQVWUXFWHGDVLJQHGJUDSKZKRVHYHUWH[VHWHTXDOVWKHSRUWIROLR
VWRFNVDQGWZRYHUWLFHVDUHMRLQHGE\DSRVLWLYHHGJHLIWKHFRUUHVSRQGLQJFRUUHODWLRQEHWZHHQWKHWZRDVVHWVLVSRVLWLYH
DQGODUJHUWKDQDSUHIL[HGWKUHVKROGYDOXHDQGDUHMRLQHGE\DQHJDWLYHHGJHLIWKHFRUUHODWLRQFRHIILFLHQWLVQHJDWLYH
DQGLVOHVVWKDQDQRWKHUSUHIL[HGWKUHVKROGYDOXH,IWKHFRUUHODWLRQFRHIILFLHQWOLHVEHWZHHQWKHWKUHVKROGYDOXHVWKHQ
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QRHGJHLVDGGHG7KLVSURFHVVJLYHVDQHOHJDQWVLJQHGJUDSKUHSUHVHQWDWLRQRIDSRUWIROLRRIDVVHWV
7KHLPSRUWDQFHRIXQEDODQFHGVLJQHGJUDSKVLVWKDWE\6WUXFWXUDO%DODQFH7KHRU\+DUDU\/LP	:XQVFK
VXFKJUDSKVWHQGWREHXQVWDEOHLQWKDWWKH\XQGHUJRFKDQJHVWRSXVKWKHPWRZDUGVEHFRPLQJDEDODQFHGVLJQHGJUDSK
,QIDFWDWKHRU\LQVRFLDOSV\FKRORJ\SURSRVHGLQ+HLGHUVWDWHVWKDWWKHUHLVDQDWXUDOWHQGHQF\WRZDUGVEDODQFH
LQDQ\VRFLHW\,QWHUPVRISRUWIROLRVWKDWKDYHXQEDODQFHGVLJQHGJUDSKVVXFKDVVHWVLQWKHSRUWIROLRVZLOOWHQGWR
FKDQJHVRWKDWWKHJUDSKGEHFRPHVEDODQFHG7KLVLPSOLHVWKDWSRUWIROLRVZLWKXQEDODQFHGVLJQHGJUDSKVPD\H[KLELW
FKDQJHVLQDVVHWFRUUHODWLRQVDVVHWFRPSRVLWLRQWRQDPHDFRXSOHRISRVVLELOLWLHV6LQFHFKDQJHVLQDVVHWSURSHUWLHV
FDXVHVSRUWIROLRPDQDJHUVWRDGMXVWWKHLUSRUWIROLRFRPSRVLWLRQWKLVLPSOLHVWKDWVXFKSRUWIROLRVDUHPRUHVXVFHSWLEOH
WRKLJKHUSRUWIROLRWXUQRYHU+HQFHVLJQHGJUDSKVHQDEOHXVWRDVVHVVDSULRULWKHSRUWIROLRWXUQRYHUOLNHOLKRRGRIDQ\
JLYHQSRUWIROLR
$QnDVVHWSRUWIROLRLVUHSUHVHQWHGE\DQnYHUWH[VLJQHGJUDSKG ZLWKHDFKYHUWH[FRQQHFWHGE\VLJQHGHGJHVWR
VRPHRWKHUYHUWLFHV LQG&RQVHTXHQWO\ ODUJHDVVHWSRUWIROLRVSRVVHVVJUDSKV WKDWDUH LQFUHDVLQJO\ LQWUDFWDEOHDVn
LQFUHDVHV )RU H[DPSOH UHDOLVWLF SRUWIROLRV FRQWDLQ  WR  DVVHWV 7KLV GRHV QRWPDNH RXUPHWKRG XQXVDEOH
EHFDXVHZHGRQRWQHHGWRH[DPLQHWKHHQWLUHJUDSKGIRUEDODQFH6LQFHDJUDSKLVXQEDODQFHGLIWKHUHH[LVWVDWOHDVW
RQHF\FOHZLWKDQRGGQXPEHURIQHJDWLYHHGJHVLIDYHUWH[VL]HVXEJUDSKRIGLVXQEDODQFHGWKHQDQ\YHUWH[VL]H
VXEJUDSKRIGFRQWDLQLQJWKLVXQEDODQFHGVXEJUDSKZLOODOVREHXQEDODQFHG+HQFHSRUWIROLRWXUQRYHURUEDODQFH
DQDO\VLVLVUHGXFHGWRH[DPLQLQJWKHYHUWH[VL]HVXEJUDSKVWKDWH[LVWLQDQ\VL]HSRUWIROLR
7KHQXPEHURIWKUHHYHUWH[VL]HVLJQHGVXEJUDSKVWUXFWXUHVLV7KHVHDUHJLYHQLQ)LJXUH
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 )LJXUH6LJQHGJUDSKVRQWKUHHYHUWLFHV

7KHWHQVLJQHGJUDSKVWUXFWXUHVDUHUHSUHVHQWHGE\WKHWULSOHV
DQGZKHUHUHSUHVHQWVQRHGJHUHSUHVHQWVDSRVLWLYHHGJHDQG
UHSUHVHQWVDQHJDWLYHHGJH)URPWKHGHILQLWLRQRIXQEDODQFHJUDSKVDQGDUHXQEDODQFHG+HQFH
DQ\SRUWIROLRFRQWDLQLQJJUDSKVDQGZLOOEHXQEDODQFHGZHQRWHWKDWKDVQRF\FOHVDQG
WKHUHIRUHLVEDODQFHG+HQFHZHFDQGHWHUPLQHWKHSRUWIROLRWXUQRYHUOLNHOLKRRGXVLQJWKHVHXQEDODQFHGJUDSKVIRU
anySRUWIROLRRIanyDVVHWVL]H
$QLPSRUWDQWLQVLJKWIURPVLJQHGJUDSKDQDO\VLVRISRUWIROLRVLVWKDWSRUWIROLRPDQDJHUVWKDWIRFXVRQPLQLPL]LQJ
   
 
   
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1206   B. Vasanthi et al. /  Procedia - Social and Behavioral Sciences  211 ( 2015 )  1203 – 1209 
ULVNFDQPLVOHDGSRUWIROLRPDQDJHPHQW7KLVLVEHFDXVHQRWDOOPLQLPXPULVNSRUWIROLRVZLOOKDYHEDODQFHGJUDSKV
WKRVH SRUWIROLRVZLWK XQEDODQFHG JUDSKVZLOO EH XQVWDEOH DQG OHDG WR KLJKHU WXUQRYHUZKLFKZLOO UHGXFH UHWXUQV
&RQVHTXHQWO\ IRFXVLQJ RQ ULVN DORQH ZLWKRXW GXH DQDO\VLV RI SRUWIROLR EDODQFH GRHV QRW QHFHVVDULO\ RSWLPL]H D
SRUWIROLR¶VUHWXUQ
7KH VLJQHG JUDSKPHWKRG SURYLGHV FRPSXWDWLRQDO DGYDQWDJHV $V H[SODLQHG EHIRUH WKH SRUWIROLR¶V EDODQFH LV
GHWHUPLQHGE\WKHJUDSKVLQILJXUHUHJDUGOHVVRIWKHQXPEHURIDVVHWVnLQWKHSRUWIROLRKHQFHRXUPHWKRGGRHV
QRW VXIIHU IURP WKH µFXUVH RI GLPHQVLRQDOLW\¶ 6XFK D SURSHUW\ LV SDUWLFXODUO\ XVHIXO IRU SRUWIROLRVZKHQ UHDOLVWLF
SRUWIROLRDVVHWVL]HVFDQEHn WRn WKHQXPEHURIFDOFXODWLRQVIRUFRUUHODWLRQVDORQHZRXOGEH


  nn 

WKDWLVn DQGn 7KLVFOHDUO\UHSUHVHQWVDQRQWULYLDOFRPSXWDWLRQDODQGHVWLPDWLRQWDVN
,QDGGLWLRQWRFRPSXWDWLRQDGYDQWDJHVWKHVLJQHGJUDSKPHWKRGDOVRKDVLPSOHPHQWDWLRQDGYDQWDJHV7RREWDLQ
WKHVLJQHGJUDSKVRQHGRHVQRWUHTXLUHDODUJHQXPEHURIYDULDEOHVWRHVWLPDWHRQO\WKHFRUUHODWLRQEHWZHHQDVVHWV
$GGLWLRQDOO\WKHFRUUHODWLRQVEHWZHHQDVVHWVGRQRWQHHGWREHDFFXUDWHO\HVWLPDWHG$QLPSOHPHQWDWLRQRIVLJQHG
JUDSKVSRUWIROLRZLWKDVLPSOHWKUHVKROGIXQFWLRQIRUFRUUHODWLRQVZKHUHE\WKHFRUUHODWLRQRQO\QHHGVWREHFDWHJRUL]HG
LQWRRIJURXSVSRVLWLYHQHJDWLYHRUKDVEHHQSURSRVHGLQ+DUDU\/LP	:XQVFK6XFKSDUVLPRQLRXV
HVWLPDWLRQ DQG QRQGHSHQGHQFH RQ IRUHFDVWLQJ LV SDUWLFXODUO\ DSSHDOLQJ WR ILQDQFH DSSOLFDWLRQV ZKHUHE\ UREXVW
HVWLPDWLRQDQGIRUHFDVWLQJRIDQ\YDULDEOHFDQEHKLJKO\FKDOOHQJLQJ
1XPHULFDO([SHULPHQW
,Q WKLV VHFWLRQZH QRZ GHPRQVWUDWH WKH VLJQHG JUDSKPHWKRG RI GHWHUPLQLQJ SRUWIROLR VWDELOLW\ RU EDODQFH E\
DSSO\LQJLWWRDUHDOZRUOGSRUWIROLR:HDOVRGHPRQVWUDWHWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHSRUWIROLR¶VXQEDODQFH
JUDSKLQSRUWIROLRULVNPDQDJHPHQWLQWKDWE\IRFXVLQJRQULVNDORQHFDQOHDGWRPLVOHDGLQJSRUWIROLRPDQDJHPHQW
,QWKLVSDSHUZHVWXG\FUHDWLQJDSRUWIROLRIURPGLIIHUHQWDVVHWV:HUHFDOOIURPWKHSUHYLRXVVHFWLRQWKDWDQ\
JUDSKFRQWDLQLQJDYHUWH[VL]HVXEJUDSKWKDW LVXQEDODQFHGLVDOVRXQEDODQFHG+HQFHWRGHWHUPLQHDSRUWIROLR¶V
EDODQFHRIDQ\DUELWUDU\VL]HUHTXLUHVGHWHUPLQLQJWKHSRUWIROLRVFRQWDLQLQJDQ\RIWKHYHUWH[VXEJUDSKVLQ)LJXUH
$VZHKDYHDVVHWVWKLVPHDQVWKHWRWDOQXPEHURIJUDSKVWKDWFDQEHSURGXFHGIURPDOOWKHGLIIHUHQWDVVHWVLV




 ¸¸¹
·
¨¨©
§


6LQFHWKHJUDSK¶VEDODQFHLVGHWHUPLQHGE\WKHYHUWH[JUDSKVWKLVFRUUHVSRQGVWRDVVHWVLQWKHSRUWIROLR5DWKHU
WKDQDQDO\VLQJSRUWIROLRVRIODUJHUDVVHWVL]HVWKDQZHDQDO\VHWKHULVNRIWKHSRUWIROLRVUHTXLUHGWRSURGXFHWKH
DVVHWSRUWIROLRVKHQFHWKHWRWDOQXPEHURISRVVLEOHSRUWIROLRVDQDO\VHGLV7KLVLVEHFDXVHWKHDLPRIWKHDQDO\VLV
LVWRGHPRQVWUDWHWKDWORZHUULVNSRUWIROLRVGRQRWQHFHVVDULO\SURYLGHEDODQFHGRUVWDEOHSRUWIROLRVKHQFHZLOOLQFXU
KLJKHU WXUQRYHU%\ LQFUHDVLQJ WKH QXPEHU RI DVVHWV LQ WKH SRUWIROLR GRHV QRW DIIHFW WKH JUDSK¶V EDODQFH DV LW LV
LQGHSHQGHQWRIYHUWH[VL]HKHQFHDGGLQJDGGLWLRQDODVVHWVGRHVQRWLQYDOLGDWHRXUDQDO\VLV6HFRQGO\FUHDWLQJODUJHU
SRUWIROLRVJUHDWO\LQFUHDVHVWKHQXPEHURIFRPSXWDWLRQVHJDVVHWVL]HSRUWIROLRJLYHV
 [


 ¸¸¹
·
¨¨©
§

SRUWIROLRV7KHUHIRUHUDWKHUWKDQH[DPLQLQJDVVHWVL]HSRUWIROLRVZHUHVWULFWRXUDQDO\VLVWRDVVHWVL]HSRUWIROLRV
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7RFDOFXODWHWKHULVNRISRUWIROLRVUHTXLUHVVSHFLI\LQJDULVNPHDVXUH:HXVHWKHPRVWZLGHO\DQGFRPPRQO\DFFHSWHG
ULVNPHDVXUHSRUWIROLRYDULDQFH:HQRWHWKDWDQ\ULVNPHDVXUHFRXOGKDYHEHHQFKRVHQDVLWZRXOGQRWLQYDOLGDWHWKH
VLJQHGJUDSKDSSURDFKWRWXUQRYHUDQDO\VLV7KHYDULDQFHRIWKHSRUWIROLRFRQVLVWLQJRILQYHVWPHQWVLQWKUHHDVVHWVLV
FRPSXWHGXVLQJWKHIROORZLQJIRUPXOD,IABDQGCDUHDVVHWVwawbDQGwcDUHWKHSRUWIROLRZHLJKWVRQHDFKDVVHW
WKHQWKHYDULDQFHRIWKHSRUWIROLRLV

 Vrp waVrawbVrbwcVrcwawbFRYrarbwawcFRYra rcwbwcFRYrbrc

)RUWKHEHQHILWRIFRQYHQLHQFHZHDVVXPHDOODVVHWVDUHHTXDOO\ZHLJKWHGWKDWLVwa wb wc :HKDYHDOVR
FRPSXWHG WKHFRYDULDQFHPDWUL[RI WKHZHHNO\UHWXUQVIRUDQ\ WZRDVVHWV7KHFRUUHODWLRQFRHIILFLHQWVEHWZHHQ WKH
ZHHNO\UHWXUQVIRUHDFKSDLURIDVVHWVKDYHEHHQFRPSXWHGXVLQJWKHWKUHVKROGYDOXHVRIDQG
7KHDVVHWVFKRVHQIRUWKHSRUWIROLRZHUHVWRFNVOLVWHGRQWKH,QGLDQ6WRFN([FKDQJH7KHVWRFNVFKRVHQZHUH
KLJKO\OLTXLGDQGVRDUHSULFHGHIILFLHQWO\KHQFHWKHVWRFNSULFHVDUHQRWGLVWRUWHGE\ORZYROXPHWUDGLQJ7KHUHWXUQ
GDWDDQGFDOFXODWLRQIRUHDFKDVVHWIROORZVWKHPHWKRGLQ+DUDU\/LP	:XQVFKLWLVFROOHFWHGRQDZHHNO\
EDVLVRYHUDSHULRGRIRQH\HDU:HQRWHWKDWWKHWLPHSHULRGIUHTXHQF\DQGDVVHWFKRLFHVVWRFNVDUHQRWLPSRUWDQW
IDFWRUVLQWKHH[SHULPHQWLQWKDWWKH\FRXOGHDVLO\EHYDULHGZLWKRXWLQYDOLGDWLQJWKHPHWKRG

5HVXOWVDQG$QDO\VLV
,QRXUHPSLULFDOGDWDZHREVHUYHGWKDWWKHUHDUHQRVLJQHGJUDSKVWUXFWXUHVFRUUHVSRQGLQJWR
DQGVLQFHWKHFRUUHODWLRQVEHWZHHQDVVHWVGLGQRWPDWFKWKHVHJUDSKV+HQFHLQRXUVWXG\WKHUH
DUH RQO\  FODVVHV UHPDLQLQJ LQ WRWDO DQG WKH\ IXQGDPHQWDOO\ GHWHUPLQH WKH SRUWIROLR¶V EDODQFH 7KH QXPEHU RI
SRUWIROLRVLQHDFKRIWKHUHPDLQLQJVL[FODVVHVWKHDYHUDJHSRUWIROLRYDULDQFHIRUHDFKRIWKHFODVVHVDQGWKHPD[LPXP
DQGPLQLPXPYDOXHRISRUWIROLRYDULDQFHIRUHDFKRIWKHFODVVHVDUHJLYHQLQ7DEOH

7DEOH3RUWIROLRYDULDQFHGDWDLQVL[FODVVHV

      
 C C C C C C
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 
0,1      
0$;      
FRXQW      

 
:HREVHUYHWKDWIRUWKHJUDSKVUHSUHVHQWLQJWKHFODVVHVCCDQGCLQ7DEOHDOOWKHHGJHVDUHSRVLWLYHDQG
KHQFHWKHVHJUDSKVDUHWULYLDOO\EDODQFHG$OVRWKHVLJQHGJUDSKUHSUHVHQWLQJWKHFODVVCKDVQRF\FOHVDQGKHQFHLV
EDODQFHG7KLVVLJQHGJUDSKKDVRQHQHJDWLYHHGJHDQGRQHSRVLWLYHHGJH7KHVLJQHGJUDSKUHSUHVHQWLQJWKHFODVVC
LVDOVREDODQFHG+RZHYHUWKHVLJQHGJUDSKUHSUHVHQWLQJWKHFODVVCLVXQEDODQFHGDQGLVWKHRQO\XQEDODQFHGJUDSK
LQ7DEOH
2XWRIWKHWRWDOQXPEHURISRUWIROLRVWKHPDMRULW\RISRUWIROLRVDUHFDWHJRUL]HGZLWKLQEDODQFHGJUDSKV
KHQFHWKH\DUHQRWXQVWDEOHDQGDUHOHVVOLNHO\WREHH[SRVHGWRKLJKHUSRUWIROLRWXUQRYHU+RZHYHUWKHUHDUH
SRUWIROLRVLQCZKLFKLVWKHXQEDODQFHGJUDSKWKHVHUHSUHVHQWRIWKHWRWDOQXPEHURISRUWIROLRVDQGVRGRHVQRW
UHSUHVHQWDQLQVLJQLILFDQWSHUFHQWDJHRISRVVLEOHSRUWIROLRVZLWKLQVWDELOLW\$VFDQEHVHHQIURP7DEOHHYHQWKRXJK
C LV WKHRQO\XQEDODQFHGJUDSKSRUWIROLR LWGRHVQRWKDYH WKH ORZHVWRUKLJKHVW DYHUDJHPLQLPXPRUPD[LPXP
YDULDQFH &RQVHTXHQWO\ ULVN PDQDJHPHQW WKURXJK ULVN YDULDQFH FDQ EH PLVOHDGLQJ EHFDXVH LW PD\ OHDG WR
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FRQVWUXFWLQJSRUWIROLRVZLWKKLJKHUWXUQRYHUVDQGORZHUUHWXUQV
7R LQYHVWLJDWHZKHWKHU WKHFRUUHODWLRQPDSSLQJIXQFWLRQPD\SRWHQWLDOO\ LQFUHDVH WKHSRVVLELOLW\RIXQEDODQFHG
JUDSKVRFFXUULQJZHFRQVWUXFWHGVLJQHGJUDSKVEDVHGRQ WKHFRUUHODWLRQFRHIILFLHQWVZLWKRXWXVLQJDQ\ WKUHVKROG
YDOXH VR WKDW DQ HGJH EHWZHHQ WZR DVVHWV LV HLWKHU SRVLWLYH RU QHJDWLYH GHSHQGLQJRQ WKH VLJQRI WKH FRUUHODWLRQ
FRHIILFLHQW,QWKLVVLWXDWLRQWKHWRWDOQXPEHURISRVVLEOHFODVVHVLVQRZUHGXFHGWRWKUHHDQG
7KHFRUUHVSRQGLQJUHVXOWVDUHJLYHQLQ7DEOH

7DEOH3RUWIROLRYDULDQFHGDWDLQWKUHHFODVVHV
 
   
 C C C
$9*   
0,1   
0$;   
&RXQW   

$VEHIRUHZHKDYHSRUWIROLRVLQWRWDODQGCLVVWLOOWKHRQO\XQEDODQFHGJUDSK)URP7DEOHZHVHHWKDWWKH
PDMRULW\RISRUWIROLRVDUHLQEDODQFHGJUDSKVEXWQRZWKHSHUFHQWDJHKDVVLJQLILFDQWO\UHGXFHGWRRIDOOSRUWIROLRV
1RZRISRUWIROLRVDUHLQCRUXQEDODQFHGJUDSKVKHQFHWKHSRVVLELOLW\RIFRQVWUXFWLQJSRUWIROLRVZLWKLQVWDELOLW\
LVIDUKLJKHULQ7DEOH+HQFHJUDSKEDODQFHLVDIIHFWHGE\WKHFRUUHODWLRQWKUHVKROGIXQFWLRQ
:LWKUHJDUGWRWKHLPSDFWRIULVNYDULDQFHIRU7DEOHWKHUHVXOWVDUHVRPHZKDWLQFRQFOXVLYH7KHFODVVCKDVWKH
ORZHVWDYHUDJHYDULDQFHEXWQRWWKHORZHVWPLQLPXPRUPD[LPXPYDULDQFH+RZHYHUHYHQZLWKIRFXVLQJRQULVN
PDQDJHPHQW RQH FDQ VWLOO SURGXFH SRUWIROLRV ZLWK XQEDODQFHG JUDSKV KHQFH WKLV FDQ EH PLVOHDGLQJ XQOHVV RQH
H[DPLQHVWKHVLJQHGJUDSKVWUXFWXUH
&RQFOXVLRQ
,QWKLVSDSHUZHSURSRVHDQHZPHWKRGRIGHWHUPLQLQJSRUWIROLRWXUQRYHUDSULRULWRWKHSRUWIROLRDGMXVWPHQW:H
GHPRQVWUDWH WKLVPHWKRG E\ DSSO\LQJ LW WR HPSLULFDO GDWD IURP DVVHWV RQ WKH ,QGLDQ VWRFN H[FKDQJH2XU UHVXOWV
GHPRQVWUDWHWKDWSLFNLQJSRUWIROLRVEDVHGRQULVNYDULDQFHDORQHFDQUHVXOWLQSRUWIROLRVZLWKXQEDODQFHGRUXQVWDEOH
JUDSKV&RQVHTXHQWO\VXFKSRUWIROLRVFDQUHVXOWLQVXERSWLPDOSRUWIROLRPDQDJHPHQWGXHWRLQFXUULQJKLJKHUWUDGLQJ
FRVWVIURPEURNHUVWD[HVHWF
:HVKRZWKDWRXUPHWKRGKDVVLJQLILFDQWFRPSXWDWLRQDQGLPSOHPHQWDWLRQDGYDQWDJHV)LUVWO\IRUDQ\DVVHWVL]HG
SRUWIROLR WKHEDODQFHRI WKHSRUWIROLR FDQEHGHWHUPLQHGE\ H[DPLQLQJ LWV VLJQHGJUDSK DQG)LJXUH+HQFHRXU
PHWKRGLVQRWDIIHFWHGE\WKHµFXUVHRIGLPHQVLRQDOLW\¶6HFRQGO\RXUPHWKRGGRHVQRWUHO\RQDFFXUDWHHVWLPDWLRQ
DQGIRUHFDVWLQJDFFXUDF\DQGVRRXUPHWKRGLVUREXVWWRIRUHFDVWLQJDQGHVWLPDWLRQHUURUV:HKDYHDOVRVKRZQWKDW
JUDSKEDODQFHLVDOVRDIIHFWHGE\WKHFRUUHODWLRQPDSSLQJIXQFWLRQKHQFHWKLVVKRXOGEHFKRVHQZLWKFRQVLGHUDWLRQ
)XWXUHDUHDVRIUHVHDUFKZRXOGEHWRDSSO\RWKHUDUHDVRI*UDSK7KHRU\WRILQDQFHDQGWRH[SORUHRWKHUWRSLFVLQULVN
PDQDJHPHQW

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